This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally
applicable. Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.

Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports

HETA 88-022-1926 NIOSH INVESTIGATORS,
SEPTEMBER 1988 WilliamDenids CIH
SUMMITVILLE CONSOLIDATED MINING COMPANY, INC. Jou-Fang Deng, M.D.
DEL NORTE, COLORADO SevenlLes CIH
ThomesSirks FhD.
SJUMMARY

On October 15, 1987, the Nationd Inditutefor Oocupetiond Sefety and Hedth (NIOSH) wasreguested to
evauateexpoaresto cyanidea asufacegad minegparated by the Summitville Consdliceted Mining Compary,
Inc, Dd Norte Cdorado. Thereguest wasprampted by aninadent during whichaheavy equipment gparaor
warking inacyanidelesdhing ped expaiancad symptloms suggedived oyanide paisoning:

In Octaber 1987, NIOH invetigatars condudted an environmeantd and medicd aurvey @ themineste: Duing this
uvey, ar samplesfar hydrogen oyanideand oyanide sdtswere adlledted. Inaddition, corfidentid emdloyee
interviewswere conducted and pre- and pod-hift blood and uine samplesweare adllected for thiocyanete andysisfor
thefour anpoyesswarking intheleechfidd area

Thereadtsof thear samples aollected to evauate eamployes expoauresreved ed tatd cyanide conoantraionsranging
from 02 milligamsdf oyanidepar alkic meter of ar (mgyMP) for the bulldazer oparator to 0.004 mgMfora
roedgradker oparetor. Al resLitswere bd ow the NIOSH Recommended Exposure Limit (REL) of 50 g2
gyaideasatarminueddling Theeresitswearedso bdow theMine Sitely and Hedth Adminigration (MSHA)
dandard and the Amarican Conference of Govammentd Hygiengts(ACGIH) Threshdld Limit Vdue (TLV) of 11

myM2 hydragen oyanideasan 8-hour timeweighted avarage (TWA) and acsiling limit, regoediively.

Pre- and pog-dhift saum and uinethiocyanete concantrationswearewithin the nomndl range, with theexagption of the
bulldozer oparatar whose podt-ahift irinethiocyanete concantration (205 mglliter) was anly dightly ebovethe upper
end of thenomd rangefar dgarette smokers (200 mglita).

Medicd inteviensreveded thet theworkershed bean enployed a the stefor up totwo yearswith no reported
hedth prddemsuntil aninadent coourming on October 1, 1987 duing which an employes expaienced dynessdf the
mouth, rumbnessof thefingarsand ears heedeche, dizziness nated odor of dmonds difficuity movingand
unoodousess Theesmptomsaetypicd of cyanidepasoning adfany gpadfic. Atthetimedt theinddat,
minmd ar movamant wasrepartad ontheleech ped. Dueto themeny vaiadlesinvaved, it wesnat posshleto
ceamirethet cyanide exposrewassthe caue o thisemployesshedth prddams dthoughitisthemogt likdy
exdandion. Becausedf thehigh aoutetaxiaty of cyanide compounds itisnecessary toteked| posshledgosto
minmizetherik of futher eqooare

Onthebeasadf thedetaodledted, no overexpoaresto arbome cyanidewearefound toexid & thetimeof this
aurvey. Itislikdy thet in pedt therewes & leest one saicus guisode of cyanideovarexpoare Duetothehighaoute

taxiaty of cyanidecompounds recommeandationsregarding employestraining, work practioes evironmania
monitaring, and engineaing contrdsareinduded inthisrepart.

KEY WORDS SC 1041 (Med Mining, Gad Ores), cyanide, HON, sodium cyanide, hegp leeching, gald
mining, thiooyanete, cyanidepasoning.


adz1
On the basis of the data collected, no overexposures to airborne cyanide were found to exist at the time of this
survey. It is likely that in past there was at least one serious episode of cyanide overexposure. Due to the high acute
toxicity of cyanide compounds, recommendations regarding employee training, work practices, environmental
monitoring, and engineering controls are included in this report.

http://www.cdc.gov/niosh/hhe

INTRODUCTION

On October 15, 1987, NIOSH recdved areguet from the Summitville Consalideted Mining Compearyy, Inc., Dd
Norte, Calorado, to conduct ahedlth hezard evdugtion. Therequestior wias concamed with potentia cyanide
expoaresanong heavy equipmant gpardarswarking on aleech ped & asufecegdd mine Theregues wes
prampted by two inddentsduingwhich severd heavy euipment gperatarsworking in thellesch ped exparienced
s/mplomsconsdant with cyanide paisoning

NIOSH investigators conducted astevist to themineon Octaber 21 and 22, 1987. An opening conferencewes
hddwith represaniatives of Summitville Mining Compeny and the contractor who wesresponsidlefor operation of the
heavy equipmat intreleschfidd Duning thismesting, beckground infomation wes datained onthereture of the
mining gparationsand theinddent which hed prompted therequest. Aftaward, evironmentd and medicd suveys
waeconduded Theemironmentd surnvey induded the adlledion of ar ssmplesfor hydrogen oyanideand oyanide
slts Themedicd aurvey induded confidentid employesintaviewsand the adlledtion of pre- and pod-chift blood and
uinesardesfar thooyareteandyds

BACKGROUND

Smmitville Consdlideted Mining Comperyy, Inc,, Dd Narte, Cdlaredo, isasubddiary of Galadtic Resources
Incorparated. Thecompary isinvdved ingdd and siver mining gparations: The Summitvillemineisasufacegdd
minelocated in southwesem Cdarado. It becamefully operationd in June 1986. Although Galadtic ResourcessInc,
hessvad of itsownemdoyessa thisste, asubooniradtar, Indudnd Condrudors isemployed to gparatedl heavy
equpmat athemine Thefoousd the hedith hezard evaustion repuiest centered on the patentia cyanideexpoared
the heavy equipment gparatorswarking inthe hegp leseching gparations

In order to underdand the patentid hezards presant in thisgperation, abesc undardanding of gdd oyanidizetionad
hegpleechingisnecessaty. A hrief destription of these processessfdlons
A. Cyanidzaion

Cyandizaionisahydramedlurgicd prooessinwhich gdd and ather predousmddsaredssalved franare
usng acyanidesdution, usely medefran sodumcyanide Thefdlomng equgtionrgresantsthednemicd
resdionwhich takesplacein thisprocess

4Au+8NaCN + O, +2H,0=4NaAu(CN), + 4 NaOH

whereAu=gald, NaCN = sodum cyanide, O, = axygen, HO =water, NaAU(CN), =sodumgdd
oyanide and NaOH = sodum hydraxide: Thegald, whichisboundinthesodium gald oyanidecomplex, can
then berecovered by onedf severd commadd gald extradtion processes

B. Hegp Leaching

In hegp leeching gperations acyanidesolutionisgorayed over pilesof orearanged onaleechped. The
gyanidesduion dssvesthegdd and aher predous metds asit paraddesthraugh thearepile The
"pragnat’ oyanidesdluionisodleted by adranegesydem at thebattom of thearepile and pumped toa
recovay plat wharethegad and Siver aeextradted.



Inorder for hegp leaching to beeffedtive, the aremudt be prepered praparty. Thisinvavesaushing or ginding
thearetoexposethemedlicgad. At thispaint, limeisadded to the areto provideapratective dkdinity tothe
are Thisisbecause cyanidesmay reect with saverd SUbdances induding mingd addsintheareand caoon
daxideinthedr, toform hydrogen cyanide (HON)), ahighly taxicges Thefamietion of HON isextramdy
Ogpadat onpH. Thadare itisnecessary to mantainahighly dkdinepH.
Hourelillugratesthergaidlibaration of HCN whenthe pH fdlsover anarrow range AtpH 7 orless NaCN
siuionsaehydrayzed, reaitinginvirtugly dl oyanidebeng liberated asHON! It isrecommended thet thepH
of oyanidesolutionsbekeat a 105 or highar! In addition to posing an aoute hestth hazard, thefomnetion of
hydragen cyanide reduices the oyanide concantration of the salution, leeding to increesad resgant consumption,
and therefare, operating codts

Next, theaushed areand limeispled anto animpaviousped. Theped usLely iscongrudied onasmoath
aufaoe usnglayersof day, ssand, polyethylene and geotextile Thesidesof theleach ped aredoped inward, to
prevert theescgpe df thepregnent sdluiion. A dranislocated inthe oanter, under thelleech ped, for the adlledtion
of thepregnent sdution. Oremugt beddributed evenly and & therright depth to dllow for optimum dissalution of
thegddfromtheare If theareispiled too high, thecyanidesduionwill conianinauffident axygentodssavethe
gada thelower depthsof thearehegp.

Thecyanidesdlution usad in hegp leeching processssisgenardly awesk sdlution of soddumoyanidea a
conoantration ranging from 05 to 1 pound per ton of salution (250to 500 pam).! Thesdluionua.Aly is
trangoorted throughout thelleech ped usng pladicpipe. Sxinkler heedsare then goeced evenly around the
leech ped to esreunifom ssturation of theare

Fdlowing peradation through the arele, the pregnant cyanide solution is aollected and pumped to arecovary
pat whaethegdd and siver aefresd fromthecyanidemdd complex. Thecyandeconcantraion of the
sduionisresorad toitsinitid concentration, and the sdlutionisredrauated through the ore

C. Company Opadions

Duing thesurvey, thecompany indicated thet theamount of arebaing processed was goproximatdy 23 tonsper
day (esmeeared by ausher aupur). Thecyanide salution bang fed to theleech ped wasrepartedy maintained
a aconoantration of gopraximetdy 0.3 Ibsof freecyanide per ton of sdlution, with the pH ket intherangeof
108to 11 Theeparanderswaeregualy dhedked by the plant gperaarsand vatfied by theminelaboratary
usng daly compostesarpes

D. EnployesDuiies

Duing theevening dhift, fiveemployesswarked intheleech ped area. Threedf theseamployesswearetrudk
dhiversand wereresponsblefor trangoorting aushed arefrom the are hoppersto theadjaoant leech ped. The
dumped orewas moved to the gppropriate arealby the bulldozer gperaor. Thebulldozer operator pert the
entireshift onthelesch ped didributing the arein preperation for theleeching process: A roedgrader gparator
dsowaked inthelesch ped aeaweasregponsbdlefor mantaning the urfece of thercedway for thearetrucks
Thisempoyeewason theleech ped for gooraximatdy 30 minutesduing theshift. Al of theheavy equipmant
operated by theseemployesswias equipped withendosed cabs



E. Desiption of Inadent Frompting Requet

Ontheevening of Octaber 1, 1987, abulldozer oparator expaiencad drynessof themouth, numbnessdf the
fingersand ears aheedache, dizziness undeedly g, weskness of extramities and lossof consiousness
Informetion contained in the upavisor'sacddant repart indicated thet the operator d <o reported the sl of
dmondsand angy tadewhen dinkingwater. Thegperator wes Ubsequantly teken from theleech ped areg,
admingered axygen, and trangparted toahogaitd. Basad onaphyddansexamingtion, no cyanideantidotewes
admingered Theamployeeweasrdessed and retiumed towark thefallowing day.

Informetion contaned inthe supavisor'sacadant repart indicated thet et thetime df theinddent the bulldozer
opardar waswarking inalow areadf theleech ped and was surrounded by higher aesswhere barren salution
washang godlied. Thenight of theinddant, theambient temparature over thelesch ped wesrepartedy wammer
thena thehigher devaionsdf theming and therews litiewind movemant ontheleech ped. Thegparaor
reparted abuildup of heavy desdl smokefrom thebulldozer intheareainwhich heweaswarking. Theaoddart
report conduded thet theinddant mey haveresuted from aluild up of hydrogen cyanide dueto an amogpharic
inverson

Threedbysdter theinitid inddant, sevard trudk driverswarking inthelesch fidd complanad of dizzness
neusss, heededheand weekness sevard hoursdter comingtowark. They tderded these symptomsand were
nat st tothehosaitdl.

F. AdiosTekenFdlorngthelnadats

Falowing theinddats the contractor implemanted anumber of prooaduresrdated to theleech fidd

gpaaions  Thisindudad theplacement of indicetor flagsaround theleech fidd to dlow theleech fidd
employessto ddeminethedredion and rdaiveiniensty of wind movemat. Whenwaranted by
enviromentd conditions (lack of wind movament), Spavisorswereindructed to check with thelesch fidd
employessevay 20 minutes and condudt periodic monitaring for HON. 1n addition, thebulldozer operator wes
issued arearator to useif symptoms of cyanide paisoning oocurred, o ahigh conoantration of HON wes
presat.

V. METHODS

A. Bwviromaid
Inorder to delemineemployeeexpoauresto cyanide, areadr sampleswere colledted inthe oparator cabsof the
heavy equipmant baing used in theleech ped areg, aswel asa vaiouslocaionsaround theleech ped. Samples
wereadledted using bettery-powvered pumps oparating a 1.0 litars per minute attached with Tygontuing tothe
adledionmedia Theadledion mediacongded of a37-millimger adluoseeter mamirarefilter fdlovedindine
by animpinger containing 10 millilitarsof 01N potassum hydroxide (KOH) salution. Thelocation and durdtion
o thecdledted samplesareprovided in Tele 1.

After samling, theimpinger semswearewashad withtwom of 01N KOH. Theimpinger contentisthenwere
trandarad toa20 ml vid dangwithonehdf of akKOH pdle. Thesampleswere peckad iniceand hipped via
ovanight mall tothelaboratary. Thefiltersand impinger sdutionsweareandlyzed for cyanideusing vishle
abosomtion goedrasoopy. Duing theardlyss cyanideswere rdessad from complexesby utraidet digesion
and restionwith diloramine-T to produce cyanogen dilaride. Cyanogen dilaride wesreected with pyridine
and barituric aad to produceacdored complex. Theintansty of the.cdlored complex wasmessred a 570
nenomears



B. Medicd

On October 20and 21, 1987, parsond intavievswere conducted with one bulldozer operator and three
dump truk driverswho warked onthelesch fidd during theevaning dhift. Fdlowing theintaviens pre- and
pog-ghift blood and ine sampleswere datained from theseworkers: For comperison purpose, sanplesweae
dso adlledted from two employesswho did nat work inthellesch ped area

EVALUATION CRITERIA

A. Ervirormantd Expoaure Qiitaia

Asaguidetotheevauetion of the hezards posed by workplaoe exposures NIOSH fidd d&f endloy
eviromand evdugion aitaiafor essessmat of anumber of demicd and physcd egants Theeaitaiaae
intended to uggest levdlsof exposreto which most workers may be exqposad up to 10 hours per day, 40 hoursper
wek, for awarking lifeime, without exparienang adverehedth efeds It isimportant, however, to notethet not &l
workerswill be protected from advarse hedlth efedsif thar expoaresare maintained bdow theelevds A sl
peroaiage mey expaiaceavase hedth efedsbecause of indvidud susogatihlity, apreexising medicd condition,
ador ahypasanstivity (dlegy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
evironmat, or with medicationsar pasond hehitsof thewarker to produce hedith effeds evenif the cooupetiond
expoaresaecontraled a thelevd st by theevduation aitaion. Thesecombined dfedsoften arenat conddared in
theevduaionaitaia Also, somesibgtances are aosorbad by direct contadt with the skinand mucous membranes
and, thus patentialy increesetheoverdl expoare. Findlly, evdugtion aitaiamay diengeove theyearsasnew
infammetion onthetaxic efedsdf an egat becomesavalade

Thepimary sourcesof evironmentd evdugtion aitenafar threwarkplaceare 1) NIOSH OritaiaDocumentsand
recommeancetions 2) the Amaican Conferancedf Govarmeantd Indudrid Hygienigs (ACGIH) Threshdd Limit
Vdues(TLV'9, 3) theU.S Department of Labar/Oocupetiond Sefety and Hedth Adminigration (OSHA)
oooupetiond hedlth sandards[Pamisshble Expoaure Limits (PEL'S)), 4) and the Miine Sefety and Hedth
Admingraion (MSHA) dandards Often, the NIOSH recommenddionsand ACGIH TLV'saelower thenthe
coregpondng OHA or MSHA dandards Bath NIOSH recommendtionsand ACGIH TLV'susLdly are
bessd on morerecant infarmetion then arethe OSHA andd MSHA dandards Also, insomecasss the OSHA
dandardsmey be marerestridive then the coreponding MSHA sandards  Inevdugting theexpoaurelevdsand the
recommencitionsfor reduang theselevdsfound inthisrepart, it hould benoted thet the comperny isrequired by the
Mine SHdy and Heelth Adminidration to meet thoselevespadified inan MSHA dandard

A imewdghted average (TWA) exposurerdasto theavarage arbome conoantration of asubdanceduinga
nomid 8- to 10-hour warkday.

A brief dsousson of thetaxiaty of hydrogen oyanideand cyanide sdlts aswel astheevironmeantd and medicd
aiteiafor these Sbdances ispresanted bdow.

B. Cyanice
Hycrogen oyaniceisacdarlessgesa room tamparaure, with afant odor Smilar tothet of bitter dmonds? Ina

sudy of 244 individuels 88% wereadeto smdl HCN, but of those, gopraximetdy onefourth medethe
detemmingtionwith greet diffiaity, whichindicates alack of good waming proparties® HON iscommedly



gmiheszed far awidevaidy of indudrid uses It dso reurdly oooursasahydrdyssprodudt insomeplants ad
ispresat in dgardte snokeand atomobileeda s

Sodum oyanide isawhiteayddlinesdid a roomtamparaure Liketheather commaadly importart
inorganic oyanide sAlts (potessum cyanide and cadum cyanide), sodum oyanide gopredebly dssodatesin
agueoussaluiionsto producecyanideion o HCN. Thepresanced aggnificant sourceof hydrogenions(j.e,
grong mingd adds), dongwith acyanidesdlt, can leed tothergaid produdtion of largeamountis of hydrogen
cyanice?

Thedudsd cyanidesdtsareimtaing totheeyes noss ad kin. Srong sdluionsaf dkdinecyanideaehighly
aarcsveto humentissuesand cancaueskinuoas Atlow levdsaf expoaurg eally symptomsof oyanide
expoaure (bhath to hydrogen cyanideand cyanide sdts) indudeweskness heedeche, confusion, neuses, and
vomiting. Larger dosesof oyanidemay causethe parson to rapidly lose constiousness Sop bresthing, and die?
Thefdlowing tebleillugratesthe humen reponseto vatious conoantrations of hydrogen cyanideinar.

Phyddodicd Responseto Vaious Conoatraionsof

Hydrogen Cyaridein Air?
Conoatration

Response mgM3 pom
Immediatdy fetd 300 270
Fatd efter 10minutes 200 181
Fetd efter 0 minutes 150 135
Fatd ter 05to 1 hour 120-150 110135
o later, or dengaroustolife
Tdeaadfor05to 1 hour 50-60 4554
without immedigeor lateeffedts
Sight yymptomsfter sevard hours 2040 18-36

Cyanidesareredly absorbed fdloning inhdlation, and arergnidy didributed throughout the body by theblood.
Cyanide compoundsingested ardly arereedily aosorbed acrossthe gedraintedting trat. Cyanidesaredso
conddaed to bemodarady lipid sluble, which dlonsthemto penatrate the skinrgpidy. Cut or braded skin
increesesthelikdihood of absorption of thesecompounds

Hydrogen cyanideand cyanide salts gopear to haveacommon mecheniam of adtion. Oncedsorbed intothe
body, the cyanide compoundsdssodaeto faom cyanideions: Thegyanideionsthen bind with theheavy meid
ioswhichaepresat insavad of thebody'sarymesysams reaiting in adisurbence of the body'sfundions?



Themod pronounced toxic efedt fram cyanide compoundsisdueto thereedion of the cyanideionwith thefaric
iron (Fe™®) contaned intheenzymegytodromeaxidese. Cytodyameaxidesecoaiiesakey postioninthe
processof odlular rearation by dlowing thetrander of dedransto axygenintheddls Inhibion of theadion of
oytodrome axiceseeffedively hettsodlular resairation, resLiting in chamical agohyxiation*

Inadditiontoitsinhibiion of the cytodrame axidese ezyme, cyanide compoundsreedt with severd ather
sbdancssinthebody. Cyanideion hesbeen shoanto bind with catdase, peroxide, asoorbic add oxidese,
methemoglahin, hydraxyoobelamin, phosphetese, tyrosinese, xanthineaxidess, and suodinic dehydrogenese
Thereedion of thecyanideionwith these substances feds meny processes ather then reairation, andd no
doubat further contributes o the overdll toxigity of the oyanide compounds®

Mod of the cyanideswhich are gbosorbad into thebody areeventudly convarted to themuch lesstoxic
thiooyanete whichisthen exagedintheurine. Other minor pethwaysfor ddiaxification and exardion of
gyanidecompoundsindudeexhdaion of HCN inthebregth, direct ssretions of the cyanideion, axidetionto
formicadd, metal coordination, and condensation with oydtine®

Thaeaesvad sidanceswhichinducednamicd hinding of oyanide, and aetherdiare, usd inthetrestmant of
oyanidepasoning. Oneexampeisamyl nitritg asudancewhich causssthegenaration df methamogidaininthe
body. Themethemogiahin then compatesfor thefreegyanideions faming acyanomethemogidin® This
drameticaly reduoestheamount of cyanideion avalladleto bind to cytodrome oxidesg, and lessasitseffect on
cdlular regaraion. TheNIOSH Recommended Exposure Limit (REL) far HCN isSmilligrams per auic meter
of ar (mgM?) expressad as CN, detemmined as acailing conoantration besed on a10-minute sampling paiiod.
TheNIOSH REL for employesexpoareto cyanide sts (defined assodium cyanide, potassum cyanide, o
cddum oyanide) isacling vdued 5 mgM® (expressed as CN), besed upon a10-minutesampling pariod.
NIOSH dso recommendstihet whenever ar isandyzed far cyanide sdlts it hould dso beandyzed for HON,
and the combined conoantration for CN should nat exossd 5mg/vi33

Theaurat Mine Siety and Heelth Adminigration (MSHA) gandad for HON is 11 mg/M2 asan 8hour
TWA. TheACGIH recommendsaThreshdd Limit Vaue(TLV) of 11.mgM2 ssacdling limit. TreMSHA
gandadand ACGIH TLV for gyanidesdtsareboth 5 mg/M2 asan 8-hour TWA .57

Expoareto oyanide and cyanogenic vapors can cause an increesad concantration of thiooyanetein plaamaiand
uineand df oyaniceinblood?® Snoecyanideisauiteundablewithinthellood, itisnat pradtica to useblood
oyanideconoatraion ssanindication of environmantd eposure. Tharefare messramatsfar thiooyanete a
meazbadliteof cyanide aregangrdly usad. Snoehydrogen oyanideispresart in tobecoo smoke, the"nomd” levd
of thiooyanateishigher inamokestheninnonkamokas Far nonkamokeas therdfaenceranged ssumad
uirethiooyanate concartrations are 1.0-4.0 milligrams per liter (mg/L) and 00-20 gL, reoedtively.® For
anokes therdferencerangesae 30-120 gL and 20-200 mgyL.°



VI.

RESULTS

A. Bwviromaid

Thereadtsd thear samplesfar cyanideaepresated in Tade 1. Theedpoauresfor theheavy equipmant
oparators asmessured by aeasamples adlledted inthe oparator cabs ranged from 002 milligrams per aubic
mder of ar (mgM) for the bulldozer operator to 0.004 mg/M - for the roedgrader oparetor. Al reslitsare
bdow the NIOSH REL for gyanidedf 50 mgM?® ssaten-minute calling, aswel astheMSHA and ACGIH
aitaia Theeresitsgopear condgtat with theamount of timeeech of theseindividualsgpant onthelleech ped.
Dueto thesamplevdumesreguired by theandlyticl method usad inthissurvey, sampleswere adllected for
paicdsrangng fran 93to 180 minutes Snceevironmentd and oparationd conditionsremained condart
throughout the sampling periad) theresLiting detawes sed to gppraximeate shart-term exposUres (as pedified in
theNIOSH REL), aswel asthelonger tam expoaures (ss oadified inthe OSHA and ACGIH aitaia).

Aswould beexpatted, theareasamples cdllected doseto the surface of theleach ped revedled somenhat
higher conoanirations: Thehighest conoantrations 009 and 0.06 myM werefoundin smplesadlledtedina
low areadf theleach ped where podsof the cyanide sdlution hed acocumuaed. A someniet lover
conoantration of 0.03 myM® wasfound in an aeasample cdllected in the vidnity wherethe luldozer wes
warking, whichwasnat bang grinkied.

It should benated thet theamhbiant tamparaures during the sampling pariod were much codler thenthose
Oestribed during the October 1, 1987 inddart. Inaddition, srong wind condiionsweredso presant a thetime
of theaurvey. Honvever, thesecondtionswerergoarted to berdatively nonmd for thetimedf year thet thesurvey
was conducted.

B.Medicd

Accardng totheintaviews theworkershed bean employed a thestefor up to two yearswith no reported
hedlth prablems until the previoudy disoussad inddentswiich coourred on October 1 and October 4, 1987. Alll
of thesudy partidpentswereamokas Nonehed reported using sdicylate (agairin), which might intarferewith
thethiocyaneteandyss befarethe samaling paiiod

Theresitsof pre- and pod-dhift lood and urinethiocyanate conoatrationsareligedin Tee 2. All vdues
weaewithinthenomd rangefar ssum and uinethiocyangte, with the exogation of the bulldozer operatar,
whoe uinethiocyanete concantration (205 nglliter) wes anly dightly ebovethe upper end of thenomd range
for anoker (200 mgliter). Inaddition, with the exogation of the bulldozer oparator, no employeehed aggnificart
increese between the pre-shift and pog-ahift thiooyanate concantrations: Inthebulldozer oparatar, thewinary
conoatration of thiocyaneteinoressad threefdd after 9 hoursof wark. Theladk of anincresseinthiocyandte
conograionamang theather emdoyess dl of whom amoke, indicatesthet anoking did natinfluence aossdhift
thiooyanete concantration. If wegenardizefromthis itisunlikely thet thethreefdd increese of urinary thiooyarete
concaniraion senlinthe bulldozer oparator westheresUit of Snoking. Therdiare evironmantd expoaureto
gyanidesandlor cyanoganic Ldancesisthemodt likdy explanation of the dosarved thiocyanete conoantration
increese

Themadcd andfird ad capehlitiesavaladea theminewaedorevieved. Theneares emagacy faality
avaladewasreported to begpproximatdy 40 milesaway. Thecompary hesacyanideanidoteavaladeon ste
far useby anemagaty meddd tednidan Honveve, theemargancy medicd tedmidaninievieved duing the
evaing dhift dd nat seam familiar with theusedf thecyanideartidote
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DISCUSS ON

Theconcantraionsdf oyanideinthear samplescdledted inthe gperators cabs aswell asthoseintheareasamples
adledted onthe surfece of theleach ped, werewel bdow theevdugion aiteia. Inaddition, theresuitsof themedica
uvey dd nat reved any ssumar uinethiocyandte sampessgnificanty ebovethenonmd range

Sncethe NIOSH survey wias conducted two wesks dter the October 1, 1987 inadart, it isdifficult to deermine
whether ocyanidewasresponsblefar thedfedied earpoyessillness Whilesomedf thesymptomsreported by
employessduing inadantsaf Odobar 1 and 4 areconsdant with theknoan efeds of cyanidepaisoning (eg, the
ardl of dmonds heedache ungteedly gait, wesknessof extramities and lossaf consiousness), theavironmand
levesfound during the NIOSH survey werewd | bdow those conoentrations thet would cause hedth effedts In
addition, peet concentrations of HCN messured on thelleech ped by the compeny werergparted to belessthen 05
pem. Futhamore employesshed nat previoudy reparted any symptomsof thisnatre: Therefare if oyanidewas
responshblefor theemployess symptons theeqpoarewould haveresLited from some sgnificant cangeinthe
"nomd” wark conditions

Inorde to deaminewhet might potentialy dter theevironmentd conditionsto dlow for aninoressein oyaride
expoares two aesshoud beexamined. Theseindude dangesin ether goarationd fedtorsdfedting therate of
contaminent gengraion, andlor meteordogicdl fadtars (eg, wind and temparaiure) which could influencetherate of
contaminant dgpagonar diuion: Althoughitisnat possbleto dgamiretheextant towhich thesefedarsmay have
influenced HON concentrations & thetime of theinddants alrief disoussion of thesefactors and how they might
influenceemployesexpoaures isprovided bdow.

A. Opadiond Fedors

AsHgureldealy illudrates theregulaion of pH pdaysaaiticd fedtar in contrdling theamount of hydrogen
gyandewhichwill beevaved fram cyanidesdutions  In gparaionssuch ashegp lesdhing, wherelargeamounts
of oyanidesdlution areused, itisegpeadly important tomeintain contrd of thesdlution pH. A review of thedally
log of thepH (asmeeaured in the pregrant cyanide salution retuming to therecoveary plant) fram the pariod of
Stember 21 through October 31, 1987, dd nat indicate any difference between the salution pH on October 1,
1987 (105), and theaverage gperding pH (105) for the 41-day period reviewed. However, thedatarevieved
rgoresnted adaly composteand would nat refledt hort-tem dnengesin saluion pH. Also, thedatacould not
reflect locdlized dhengesin pH thet may ooor in catan aress o theleech ped. Such locdlized drengescould be
causd by theaddic neturedf theore (endlitsahlity to lower thepH of the dlution) or theabsance of auffident
amountsd limeto provide pratsdtive dkelinity to thesoluion.

Anather gpaaiond fadtor which could influencetherate o contaminant genaraionisthe cyanide conoantrationin
thesduion. A review of thecomposte detafor the pregnant cyanide solution indicated thet the cyanide:
conoeniration on October 1, 1987 wias 195 ppm, whichwias goproximatdy 30% abovetheaverage
concatraion of 150 ppm for the41-day periad from Sgptember 21 to October 3L Whileaninoreesein
solution concentration would beexpected to show acoregponding increesein HON ganerationat agiven pH,
thedagreetowhich thiswould haveinoreesed concantrationsin theleech field cen nat bedetemined. Andwiile
thiswesthethe highest conoantration coourming during the 41-day period examined, noill hedth effedtswere
reparted on ather dayswhen the sdlution concentration was only dightly lover (190 ppm). Hereagan, theddia
reviewed rgpresanted adaily composite, and would nat reflect short-term dhengesiin salution conoentration which
might have coocurred throughout theday. In addition, these composite detashow thecyanide concantraioninthe
pregnent salution retuming to theextraction plant, and do nat reflect the adtud conoaniration of thebarren slution
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rayed onto theleech ped.

Sdution temparaurewoud dso beanather factar which could influencetherae of HON generation. Higher
temparauresinareasereedtion rates and thuswould causetheliberation of moreHCN. However, duetothe
largevaumedf salution baing usad, wide vaiidionsin soluion temparaturewould nat beexpedted

B. Meeordogicd Fedtars

Inaddtion to opaaiond fadors meteardogicd or amogohaic fadtarscoud doinfluenceexpoaresinthe
leechped. Paticualy in outdoor settings meteardogicd fedtarsplay animpartant rdeinthedigpadonof ar
cortaminants Themegnitudetowhich thesefadtors caninfluence contaminent dpasonwesdeady illudrated
by anar palution gaisodewhich coourred in Donorg, Rersylvaniain 1948, Duing thisinddant, asgiesdf
amogohaic conditionsresLited inaprdonged gegretion of ar ove thetown. Desaitethefadt thet thetypesand
ouross of contaminantsin theareahed remained unchenged for decedes the aimogpheric conditionswhich
oocured inashart paiod of time confined the pallutantsto the extant thet asgnificant increesein the number of
desthsand ilinessdueto regairatory prodlemsresLited™® Whilethisinddart refledsalage scdedr pallution
gaock it illudraesthedility of amogoheric evanistoinfluencethe bulldup of surfece pallutant conoentretions

Thegpavisarsaoddant repart of the October 1 inddent indicated the probeble cause df theinddent wes
"amogohaicinvasondueto tampearaure’. However, thedestription of thewarm temparauresinthelesch
fidd and code temparauresinthe higher arees of theminedo nat coinddewith the conditiors nomrelly
asdaed withinversons: Rediaiond ar nodumd inversonsgenardly ooour asareauit of cod lonHevd ar
being ovaridden by wamer ar above® Thepresancedf thewarm air over thecod ar preventsthevartical
mixing of thetwo ar messss. Convarsdly, the gppodite conditions whichwere destribed to e during the
Odaber 1inadent, would generdly beexpedad to pramate amosaharic mixing.

Thedesiptionsprovided intheaoadent repart did indicate thet litlewind movament wespresat inthearea
wherethe bulldozer gperator wesworking. Thiswes veified by therepartshy thebulldozer operator of en
aooumudiono desd edag intrewak aea Inthisindanoe wind gegretion, moreso thenthear
tamperaturedfferences would have gopeared to have hed agredter influence on any contaminent buildup. The
ladk of windwould dow themixing o thear inthelesch ped with fresh ar fromtresumounding aress This
would dow thedluion and removd of any contaminentswhichwerebang gangraed inthelesch ped area. In
addition, thiswould dso dlow abuildup of diesd edhaug contaminants which should nat beovellocked sstoa
patentid heslth hezard

CONCLUSONS

Thereadtsof theenviroomatd and medica detacdllected did nat indicate any heelth hezard from eqposureto
gyandeduing thepaiod of theNIOSH survey vist. Duetothemeny vaiadesinvaved, itisnat posshleto
ogemineif oyanidewasthe causedf the symptomsexpaienced by theemployee during theinddentsof October 1
and4,1987. Honveve, thesymptlomsaretypicd of oyanide paisoning ad weaefary gpadfic. Duetothehigh
aoutetaxiaty of cyanide compounds itisnecessary totakedl posshleggpsto minimizetherisk of fuiLreexpoare
Sncethecompeny hesno conird over themeteordogical fatorswhich contributeto the dilution and ramovd of
contaminentsgangrated onthellesch ped, it isnecessary to dosdly regulate the gperationd fadtorsthet contributeto this
equoaure |Inaddtion, continued emphessan employestraning, couded with additiondl evironmantd monitaning,
shoud futher hdpto preveant fuiregaisodes of thisneture



RECOMMENDATIONS

1 Thecompay shoud continueitstraning program for erpoyesswarking inthe cyanidelesching oparaions
Thistraning shoud becondudted upon theinitidd erdoyment or esssgmant of theemployes, and paiodically
therediter. Thetraning shoudindudeinfarmetion onthetaxiaty of cyanide, ssfework pradtices and gopropriate
emagay adfird-ad proosdres Curantly avalabletraining programsand metiads such asthe Caarado
Divisondf Mines"Cyanideand Caudtic Soda Training Courss', which goedifically addressthe hezards of
oyanideleaching aperations should be ussd when possble

2. Wil trained medicd parsonnd and oyanideemagancy kitsshould beavalable on stethroughout thewarking
hours Themedicd recommendions sedtion contained inthe NIOSH "Qritariafor aRecommended
Sandard.. Oooupationd Expoaureto Hydrogen Cyanideand Cyanide SAts', should bereferenoad for gpadific
detailsregarding medical trestment and firgt didl®

3. Opadiod fadtorssuch assolution pH, concentration, and tamperaure shauld continuetto bedosdly
monitored. ThepH of thesolution should be monitored continuoudy, with thepH meter clibrated & thestart of
esch shift in aooordencewith the menufadurarsingrudions™ Theusedf anaudbledam, toindicateif thepH
falsbdow an acogpiadlelevd, would dso bebandfidd. Should thesdlution pH fall bdow an acogptedlelevd,
leech fidd gperatorsand ather articd personnd Should bemedeavare of the chenge o thet the gopropriate
precauionsand environmenta monitaring can be condudted,

4. Duing paiodsd dminished wind adtivity o other conditionswhich might leed to inoreesed contaminert
concaniraions acontinuousreeding monitar should be usad inthe bulldozer cab to monitar HON
conoatrations Suchmonitars which provideadiret resding output sswl asan damtowam the usa when
HCN levdsriseaboveacatan pret limit, aecommadadly avaldde

5. Intheevat thet evironmantd monitaring indicatesthet concantrationsof HON may possihly excesd the
NIOSH REL,, the bulldozer ceb should be supplied with an emergency excaperesairaar, and the operaior
shaud betranadinitsprope ue

6. Equpmat opaaarsshoud nat leavethar eouipmant cabsin theleech ped aresswithout the proper persord
pratectivedathing (rubber boats rubber goves and rubber alash its).

7. Smoking, eding, and drinking should nat bedlomed onthecyanidelesch ped. Employessshoud weeh ther
hends amsand facetharaughly beforeengeging inthese adtivities

Whilethisevaduation encompessed anly the heavy equipmant opardars ather mineemployessauch sstherecovay
plant workers maintenenceamployess and qinkler aewsfaceagrede ik of exposureto oyanide These
amployessshould o be providad with the gppropriste training and sefety eouipment, and their work aressshould be
provided with the gppropriate monitaring equipment. TheNIOSH "Gritaiafor aRecommended

Sandard.. Oooupetiond Expoaureto Hydrogen Cyanideand Cyanide SHits', the Mine Sifety and Hedlth
Admingraion pubicaion"Cyanide Mill Reegarts', and the Cdarado Divison df Mines" The SdfeHandiing of
Cyanideand Other Hazardous Mataridsand Wadtes a Cdorado Minesand Mills' should be conauted for further
details™!
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TABLE1

RESULTSOF ENVIRONMENTAL SAMPALESCOL L ECTED FOR AIRBORNE CYANIDE

SAMALE  SAMALE
TYPE DESCRIPTION

Area Leach Pad - Work Area
Area InddeBulldozear Cab

Area Indde Roedgrader Cab

Area Indde Truck Cab#74-6

Area Indde Truck Cab #79-6**

Area Indde Truck Cab #76-6
ed 9deaf room

Area Onlesch ped near drainege
pond

Area Onlesch ped near dranege
pod

NIOSH Recommended ExposreLimit
OSHA RamisshleExpoareLimit
ACGIH Thredhdd Limit Vdue

Abbrevidionsand Key

TWA - Timewdghted avarage
myM2 - milligramsper audic meter of ar

SmmitvilleMining Summitville CO

October 20, 1987
MINUTES LITERS
SAMPALED SAMPLED
129 129
175 175
136 136
170 170
180 180
168 168
% %

3 3
10minadling

* - All vduesareeqressad as TWA'sfor the pariod of samplecdlledtion.
** - Thisindvidue worked anly for apartion of the sampling paiad

TWA CONCENTRATION
CYANIDE (mgM3)

003
0.02
0.004
001
0.004

001

0.06

0.09

50

50



ID
NO.

8

8

010*

RESUL TSOF PRE- AND POST-SHIFT SEFRUM AND URINE SAMPLES

TABLE2

JOB
TITLE

Bulldazer Op.
Truk Driver
Truk Driver
Truk Driver
Contrd No. 1

Contrd No. 2

FOR THIOCY ANATE CONCENTRATION

SmmitvlleMining, Simmitville GO

October 20, 1987

PrePost-chift

Ssun Thiooyandte

MilligrarslLiter
7.70-

102/115

740790

9.80/7.60

-/9.40

PrePog-dhift
Unne Thiocyarete
MilligarsLiter
70205
2611187
114
123-
1277118

18.7/132

Reerence Range Smokes30-120 mglL. (saum), 20-200 gL (urine).

* Indicatesunexposad warkasas " Cantrd”.
- Indicatesthet samplewas nat dotained.

Nurmber of
Cigarettes
per Day

8 8 8 8 B &



FIGURE 1

EFFECT OF pH ON
CYANIDE IONIZATION

SOURCE:
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DATA BASED ONM WORK 8Y D. MILNE, 1950, FOR DILUTE SODIUM CYANIDE SOLUTIONS AT AMBIENT
TEMPERATURE. TOXIC HCN FUMES INCREASE AS TEMPERATURES AND SOLUTION CONCENTRATIONS
INCREASE REQUIRING MIGHER pH FOR SAFE OPERATION.
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